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Objective: To determine subregions of normal and abnormal cartilage in advanced stages of femorotibial
osteoarthritis (OA) by mapping the entire femorotibial joint in a cohort of pre-total knee replacement
(TKR) OA knees.
Design: We deﬁned an areal subdivision of the femorotibial articular cartilage surface on CT arthrography
(CTA), allowing the division of the femorotibial articular surface into multiple (up to n ¼ 204 per knee)
subregions and the comparison of the same areas between different knees.
Two readers independently classiﬁed each cartilage area as normal, abnormal or non-assessable in 41
consecutive pre-TKR OA knees.
Results: A total of 6447 cartilage areas (from 41 knees) were considered assessable by both readers.
The average proportion of preserved cartilage was lower in the medial femorotibial joint than in the
lateral femorotibial joint for both readers (32.0/69.8% and 33.9/68.5% (medial/lateral) for reader 1 and 2
respectively, all P < 0.001).
High frequencies of normal cartilage were observed at the posterior aspect of the medial condyle (up to
89%), and the anterior aspect of the lateral femorotibial compartment (up to 100%). The posterior aspect
of the medial condyle was the area that most frequently exhibited preserved cartilage in the medial
femorotibial joint, contrasting with the high frequency of cartilage lesions in the rest of that
compartment.
Conclusions: Cartilage at the posterior aspect of the medial condyle, and at the anterior aspect of the
lateral femorotibial compartment, may be frequently preserved in advanced grades of OA.
© 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Although osteoarthritis (OA) is considered to be a disease of the
entire synovial joint, cartilage damage still remains the hallmark of
this disease1,2. Most research on OA has focused on the study of
abnormal cartilage and cartilage tissue loss has commonly been
used as the main outcome measure to evaluate the progression
of OA3e5.
However, little attention has been paid to areas of cartilage in OA
joints that seem to be spared from the disease process, especially injoca.2014.08.017.
: P. Omoumi, Department of
iversity Hospital, Bugnon 46,
; Fax: 41-21-314-44-43.
umi).
ternational. Published by Elsevier Ladvanced disease. Based on clinical observation, some areas of the
articular surface seem to exhibit a normal cartilage surface despite
advanced radiographic disease. We aimed to determine the fre-
quency and anatomical distribution of articular areas of preserved
cartilage in knee joints with advanced femorotibial OA (Kellgren/
Lawrence (K/L) grades 3 and 4), which were planned to undergo
total knee replacement (TKR).
Method
Patient population
This study was approved by the institutional ethical committee,
and informed consent was not required. We retrospectively
included all patients (n ¼ 448) who had knee replacement surgery
performed in our institution over a 30-month period (from Januarytd. All rights reserved.
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replacement procedures (n ¼ 115), and patients with TKR who did
not have CTA performed in our institution (n ¼ 287), leading to a
sample population of 46 in whom radiography and CTA of the knee
had been obtained in their pre-operative work-up. At our institu-
tion, CTA is routinely obtained in the pre-operative workup of knee
OA in case of uni- or bi-compartmental OA at radiography and
absence of severe knee malalignment (knee varus or valgus >10 or
ﬂexion deformity >15).
Knees with imaging signs of previous knee surgery or trauma
(n ¼ 3), and poor quality of the examination (including insufﬁcient
coverage of some cartilage surface areas of the knee and dilution of
contrast material) (n ¼ 2) were excluded based on the request
forms and radiological reports.
Imaging protocol
Radiography
Knee radiographs obtained immediately before thearthrographic
examinations included lateral and postero-anterior (PA) weight-
bearing views (following the Lyon-Schuss ﬂuoroscopy protocol)5.
Arthrography
10 mL of ionic contrast material (meglumine ioxaglate and so-
dium ioxaglate, Hexabrix 320 (320 mg of iodine per milliliter);
Guerbet, Aulnay-sous-bois, France) were injected into the knee
joint with ﬂuoroscopic guidance by using a lateral approach. AfterFig. 1. Division of cartilage into areas. (a) Drawing showing an inferior view of the femora
sagittal reformats (1e6 in (a) and (c)), perpendicular to the posterior condylar axis (black do
condyles. The interslice gap was automatically adjusted to the size of the knee. (b) Sagittal re
medial condyle, dividing the articular cartilage from posterior to anterior. The grid was com
It was printed on a transparent paper and taped on the dedicated workstation monitor. Th
zoomed in by a factor of 2.5. The third reformat of each condyle was panned so that the 45
line and so that the center of the grid would project halfway between the two intersections
compartment were analyzed successively with no additional manipulation other than scrol
between the femorotibial and the femoropatellar joints) corresponded to the 120 in our gr
one knee, each column representing data from one sagittal reformat. Grades for sagittal re
and þ30/þ45 and þ105/þ120 on the tibia that were considered non-assessable becausethe injection, active mobilization of the knee was performed to
allow diffusion of the contrast material in the joint cavity.
CT
CT arthrograms were performed on a 40-detector row CT
scanner (Somatom Deﬁnition AS; Siemens Healthcare, Forchheim,
Germany). Patients were positioned supine, with extension of the
knee. Previously described acquisition parameters were optimized
for the knee joint: tube voltage, 120 kVp; reference tube current-
time product, 350 mAs with the application of a dose modulation
protocol (Care Dose 4D; Siemens Healthcare); detector conﬁgura-
tion: 16  0.6 mm; pitch: 0.85; gantry rotation time: 1 s6. The
following image reconstruction parameters were used: ﬁeld-of-
view (FOV) 15  15 cm; matrix 5122; section thickness/increment
0.6/0.3 mm; bone convolution kernel (U70u).
Prior to the reading, sagittal reformations were obtained and
stored in the Picture Archiving and Communication System (PACS)
(Carestream Client version 11.3; Carestream Health, Rochester, NY,
USA) by one reader following the procedure described in [Fig. 1(a)
and (b)].
Image analysis
Radiographs
One reader (BV), with 23 years of experience in musculoskeletal
radiology, blinded to the CTarthrography (CTA) ﬁndings, graded the
femorotibial joints on the PA radiographs, according to the K/L scalel condyles. Each condylar articular surface was divided from medial to lateral into six
tted line), which connects the most posterior points of the medial and lateral posterior
format four (dashed red line in (a)) of knee CT arthrogram showing a grid placed on the
posed of 24 radial segments of 15 each was drawnwith the 0 line placed horizontally.
e sagittal reformats of each femorotibial joint were uploaded on the workstation and
line (white line) would intersect the most posterior aspect of the distal femoral physeal
of this 45 line and the condylar cartilage. Once positioned, the six reformats on each
ling. The anterior border of the femorotibial joint articular surface (i.e., the delineation
id (dashed blue line). (c) Datasheet representing femoral and tibial cartilage areas from
format 4 are represented in the dashed red box. Note areas 30/45 on the condyle
they included the articular margins.
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affected (medial or lateral) was also recorded for each knee.
CT arthrograms
The image analysis was performed independently by two
musculoskeletal radiologists (BV and PO) with 23 and 4 years of
experience respectively, on the same dedicated commercially
available PACS workstation. All exams were analyzed by both
readers. To allow the comparison of the same articular areas be-
tween different knees, the femorotibial cartilage was divided into
areas according to the procedure described in Fig. 1.
Prior to the study, the two readers calibrated on 10 CTA exam-
inations of OA knees, which were not included in the study popu-
lation. The cartilage surface was deﬁned as normal when it was
smooth and continuous according to a modiﬁed Outerbridge clas-
siﬁcation8. The cartilage was deﬁned as abnormal when there was
surface irregularity or any penetration of contrast material into the
cartilage8. During this training session, the readers deﬁned in
consensus as non-assessable all areas with presence of partial
volume effect. This could be seen on the most lateral or medial
aspect of each cartilage surface on the sagittal reformats, and was
deﬁned by the presence of a blurry subchondral bone plate. All
areas that included the margin of the articular surface at the
anterior or posterior aspect of the cartilage surface were also
considered non-assessable. These marginal areas could present a
normal thinning of the cartilage, which was difﬁcult to differentiate
from thinning due to chondral tissue loss (Fig. 1). After the training
session, each reader, blinded to the patients’ clinical and radio-
graphic data, classiﬁed each cartilage area of the 41 pre-TKR knees
independently as normal, abnormal or non-assessable according to
the previous deﬁnitions.
One datasheet was obtained for each knee and each observer
(Fig. 1). Forty-one datasheets for each observer were analyzed to
assess the frequency and the distribution of normal/abnormal
cartilage (Fig. 2).Fig. 2. Color map shows proportion of femorotibial cartilage areas that were considered
rentheses by numbers used to calculate percentages. The total number of cases that were aIntraobserver agreement was calculated on ﬁve randomly
selected (ﬁrst of alphabetically-ordered exams) CT arthrograms,
analyzed twice at a 4-week interval by each reader.Statistics
All statistical analyses were performed using Matlab (Matlab
R2011b, MathWorks, Natick, MA, USA).
The frequency of preserved and abnormal cartilage for each
cartilage area was calculated, taking into account only those areas
that were considered assessable by both readers. The frequency of
preserved or abnormal cartilage was illustrated graphically by
color-coding the results on a 128-color scale (Fig. 2). Proportions
were compared using Chi square test. A P value of 0.05 was
considered signiﬁcant.
Intra- and interobserver agreement were calculated using kappa
statistics (Scott's pi coefﬁcient). These coefﬁcients were interpreted
as follows: 0 ¼ poor, 0.01e0.20 ¼ slight, 0.21e0.40 ¼ fair,
0.41e0.60¼moderate, 0.61e0.80¼ substantial and0.81¼ almost
perfect agreement.Results
Patient population
The ﬁnal study population consisted of 41 knees from 41 pa-
tients (12 males, 29 females; mean age: 66 ± 9). 21 knees had a
score of K/L ¼ 4 and 20 knees a score of K/L ¼ 3. 34 knees had
predominantly medial and seven knees had predominantly lateral
femorotibial OA.
From these 41 knees, a total of 8118 areas were considered for
analysis, out of which 1671 were considered non-assessable by at
least one reader, leading to a total of 6447 cartilage areas consid-
ered assessable by both readers.preserved by observer 1. Numbers are percentages (%) for each area, followed in pa-
ssessed varied for each area.
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The interobserver agreement in characterizing the assessable
cartilage as normal or abnormal, calculated on the 6447 cartilage
areas (from the 41 knees), was good (Scott's pi 0.72, 95% Conﬁdence
interval (CI) ¼ 0.70e0.74).
The intraobserver agreement in characterizing the assessable
cartilage as normal or abnormal, calculated on 738 and 664 carti-
lage areas for reader 1 and 2 respectively (assessed on the same ﬁve
knees), was good to excellent (pi ¼ 0.76, 95% CI ¼ 0.71e0.80 for
reader 1 and pi ¼ 0.80, 95% CI ¼ 0.76e0.84 for reader 2).
Frequency and distribution of preserved/abnormal cartilage areas
(Fig. 2)
The average proportion of preserved cartilage was statistically
signiﬁcantly lower in the medial femorotibial joint than in the
lateral femorotibial joint (32.0% and 33.9% for the medial vs 69.8%
and 68.5% for the lateral compartment, for reader 1 and 2 respec-
tively, all P < 0.001) (Table I).
The distribution of areas of preserved cartilage for observer 1 is
illustrated in Fig. 2. As illustrated graphically, a high frequency of
preserved cartilage was found at the posterior aspect of the medial
condyle (up to 89%), the anterior aspect of the lateral condyle (up to
98%) and the anterior aspect of the lateral tibial plateau (up to 100%).
Discussion
Research on cartilage has yielded a large amount of information
on the quantiﬁcation and pattern analysis of cartilage lesions.
Patterns of cartilage lesions have been reported based on cadaveric,
arthroscopic as well as imaging studies9e12. To the best of our
knowledge, the current paper is the ﬁrst to speciﬁcally focus on
areas with presumably normal cartilage in OA of the human knee.
We analyzed the frequency and distribution of preserved
cartilage in the entire femorotibial joint of 41 pre-TKR, leading to
the following results.
First, the average frequency of preserved cartilage was statisti-
cally signiﬁcantly lower in the medial compartment than in the
lateral compartment. This difference is likely due to the higher
prevalence of medial compared to lateral femorotibial OA in our
sample, as well as in the general population13.
Second, we found a high frequency of normal cartilage at the
posterior aspect of the medial condyle, and at the anterior aspect of
the lateral condyle and lateral tibial plateau. This distribution could
be at least partly explained by biomechanical factors, the most
posterior aspect of the condyles being usually considered as non-
weight-bearing areas, at least in the widest range of the knee
motion14. Interestingly, the posterior aspect of the lateral condyle
showed a low proportion of preserved cartilage compared to the
medial condyle. As suggested by Ogino et al., this difference be-
tween condyles might be due to kinematics of the knee in high
ﬂexion angles might15.Table I
Average proportion of preserved cartilage in the medial and lateral femorotibial compar
Medial femorotibial compartment
Total number of assessable
cartilage areas
Average proportion of
normal cartilage areas
Reader 1 Femoral condyle 2341 33.2 (31.3, 35.1)
Tibial plateau 1013 29.2 (26.4, 32.0)
Reader 2 Femoral condyle 2341 35.2 (33.2, 37.1)
Tibial plateau 1013 31.0 (28.1, 33.8)
* Data are proportions (%) followed by 95% conﬁdence intervals in brackets.
y Chi-Square test.Our paper highlights the high frequency of normal cartilage in
three regions of the knee in advanced stages of OA. This might open
new perspectives for the ﬁeld of research in OA. Many local and
systemic factors may be associated with OA and the cartilage at
these regions of preserved cartilage could also be exposed to these
factors. Future research is warranted to determine whether this
apparently preserved cartilage is normal in its composition, struc-
ture or thickness16.
Among those regions of preserved cartilage highlighted in our
paper, the posterior aspect of the medial condyle is potentially
more interesting to investigate. As shown in our sample, the high
frequency of preserved cartilage at the posterior aspect of the
medial condyle contrasted with the high frequency of cartilage
lesions in the rest of this compartment. On the other hand, the
higher frequencies of preserved cartilage in the lateral femorotibial
compartment are most likely overestimated due to the lower pro-
portion of lateral femorotibial OA.
Two features of our study are worth mentioning.
First, the morphological analysis was performed using CTA, and
not Magnetic Resonance Imaging (MRI) as in most previous studies
focusing on cartilage. The high accuracy of CTA for the analysis of
cartilage surface lesions has been previously demonstrated8,9. The
performance of CTA for the analysis of the cartilage surface is linked
to a high spatial resolution as well as the high contrast between the
high density of the intraarticular contrast material and the low
density of the cartilage tissue8. Furthermore, CTA is less prone to
motion artifacts than MRI due to signiﬁcantly faster acquisitions.
However, this technique is invasive and exposes patients to ionizing
radiation. In our practice, CTA is routinely performed and imaging
data were available to us for analysis.
Second, the readings of the 6447 areas of the 41 pre-TKR knees
were performed by two observers specialized in musculoskeletal
imaging, independently, with a high (good to excellent) inter- and
intra-observer agreement, which strengthens our results.
However, our study has several limitations. First, our series of
pre-TKR knees did not include any patients with severe knee
malalignment (knee varus or valgus >10 or ﬂexion deformity
>15), representing a potential selection bias. Second, our results
might be biased by the fact that our study was limited to patients
fromone institution.Multicentric studies are needed to conﬁrm our
ﬁndings. Third, we did not focus on intrinsic cartilage alterations
but limited our scope to the analysis of cartilage surface lesions
only. Fourth, although we took reference points on the femoral
condyles to position the reference grid (as described in Fig. 1), the
horizontal line of the reference grid was not deﬁned relative to the
femur and the position of the knee in the scanner might have
inﬂuenced the position of the grid. Due to constrained FOV, it was
not possible to accurately determine the axis of the femur and to
use that axis to place to reference grid. However, knees were always
scanned in full extension, with a position of the femur relative to
the table similar between patients. Fifth, our high observer agree-
ment might have been poorer if only areas with high cartilage
damage were considered. Our observer agreement results might betment in 41 pre-TKR surgery
Lateral femorotibial compartment P-valuey
(%)*
Total number of assessable
cartilage areas
Average proportion of normal
cartilage areas (%)*
2224 71.9 (70.0, 73.7) P < 0.001
869 64.6 (61.4, 67.7) P < 0.001
2224 70.4 (68.5, 72.3) P < 0.001
869 63.6 (60.4, 66.8) P < 0.001
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Finally, as observed in Fig. 2, the high frequency of preserved
cartilage in regions of the knee where few cartilage areas were
considered assessable (typically marginal areas) might be over-
estimated. However, there were non-marginal areas at the poste-
rior aspect of the medial femoral condyle which were assessable in
all cases and presented a high frequency of preserved cartilage.
In conclusion, we have shown that cartilage at the posterior
aspect of themedial condyle and at the anterior aspect of the lateral
compartment is frequently preserved, including advanced grades of
femorotibial OA.
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